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THE DANGERS OF CONTAMINATION: MODERN SYSTEMS DEMAND CLEAN FUEL

While mines can’t always control the condition of the fuel they receive, they can have an impact on how clean 
it is when it enters the machine. Mines around the world are taking steps to reduce fuel contamination—
extending the life of components, improving machine performance, maintaining fuel economy and increasing 
machine availability.

“There’s no question that the use of contaminated fuel in modern fuel systems can cause a host of problems 
with machinery,” says David Barker, a product support consultant in Caterpillar’s Global Mining Division.  
“But there are things sites can do to control the cleanliness of the fuel they use.”

tHe CoSt oF ContAMinAtion

Cleanliness is critical to minimizing cost-per-tonne through better care of machines. 

“Aside from the cost of tires and fuel, and the wages of machine operators, about 70 percent of total machine 
operating cost is the life cycle costs of powertrain components,” explains Barker.

 On a typical large mining truck, the cost  
distribution is: 
   Engine        40% 
  Transmission/Torque Converter      10% 
 Final Drive & Differential      40% 
 Miscellaneous         10%

Modern fuel systems use electronic unit injectors, a component that delivers precise amounts of fuel and 
controls injection timing to within thousandths of a second. Electronic unit injectors control the performance 
and fuel economy of the engine and are expensive to replace when worn.

Component life cycle cost is roughly defined as cost to rebuild the component divided by actual component  
life in hours. Extending the life of a component is the most important factor in reducing its life cycle cost.  
This does not mean simply extending overhaul intervals and allowing components to wear more severely.  
It means implementing a strategy to reduce the rate of wear and achieve longer component life without 
incurring excessive wear.

“Contaminated fuel can cause an unacceptable rate of injector wear and resultant failure—and, as a result, 
unnecessary repair costs,” says Barker.
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FUeL ContAMinAntS

The two most common contaminants in fuel are excessive dirt and water. These contaminants are typically 
introduced into fuel during the transportation, mixing or storage process. 

Water, the most common contaminant, may be introduced when warm, moist air condenses on the fuel tank 
walls and condensation builds up. 

Excessive water can reduce the lubricating qualities of the fuel and cause injector seizure and contingent 
engine damage. In addition, fungus and bacteria live in water. When they get into a fuel system, they can 
plug fuel filters, reducing their life and causing premature injector wear-out, all of which affect the life of the 
machine.

Particles of dirt, sediment and other solids have a similar effect on fuel injectors, causing them to wear out 
prematurely and leading to unnecessary failures.

Clean fuel does more than just reduce problems, however. Added benefits include improved fuel economy and 
longer component life. In addition to reducing the replacement frequency of fuel filters and injectors, clean 
fuel prolongs injector life. 

“What it really boils down to is availability of the machine,” says Barker. “When machines are not in for repairs, 
they are at work on the site. Less downtime means greater productivity.”

iMpRoVinG CLeAnLineSS

The two critical factors leading to fuel quality are the cleanliness of the fuel delivered to the site, and the storage 
and handling practices used after it arrives.

“Fuel suppliers, of course, indicate to mine sites that the fuel they deliver is clean,” says Barker. “And many 
times it starts out that way. But that fuel isn’t going directly into machines; it’s going into bulk storage tanks 
that may be contaminated or have high levels of condensation built up.”

In order to maximize engine life, diesel fuel supplied to the fuel tank should have a maximum particulate level 
of ISO 18/16/13 with a maximum water content level of 0.1 percent (1,000 ppm).

In some geographic areas, fuel suppliers to mines have the infrastructure and discipline to deliver relatively 
clean fuel. However, in the majority of mining applications, that is not the case. Fuel leaving the refinery is 
transported to remote locations through ships, pipelines, barges and trucks, and is often stored in intermediate 
storage tanks. Each time the fuel is stored or moved, it has the opportunity to attract contaminants. In some 
cases gross amounts of water and/or dirt can contaminate the fuel. Much of this can be removed through 
proper storage and handling.

FUeL StoRAGe CApACity

Given adequate storage time, much of the dirt and water in fuel will settle to the bottom of the storage tank if 
the fuel is left undisturbed. Fuel storage capacity on the site should be adequate to let new fuel deliveries settle 
for two to three days before drawing the supply fuel from the tank. 

“The most common problem on mine sites is lack of tank capacity,” says Barker. “Mine capacity and haulage 
fleets often grow faster than their fuel storage facility. This usually results in fuel being added to tanks while it 
is being consumed. This practice stirs up contaminants and keeps them in suspension in the delivery fuel.” 

StoRAGe tAnk deSiGn

Regardless of size or shape, best practices recommend that fuel storage tanks have the following:

Sloped tank floor. Water which settles out of the fuel will flow to the lowest spot in the sloped tank. Tanks should 
have a drain at the lowest point and be drained frequently to minimize the presence of water.
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Well-located suction pipe. A suction pipe located well above floor level will ensure that only clean fuel is drawn in, 
and water and dirt that have settled to the bottom of the tank remain undisturbed.

Desiccant vent filters. These filters remove any moisture from air entering the tank.

Non-corrosive tank lining. At a minimum, the tank floor and the bottom 1 meter (3 feet) of the tank should be 
epoxy coated to resist corrosion from trapped water.

FUeL HAndLinG

Once the proper steps have been taken regarding storage, it’s important to also have a fuel maintenance policy, 
with adequate personnel in place responsible for proper fuel handling. This includes using particle counters 
and water detection tests to measure cleanliness and sampling incoming shipments and outgoing fuel.

SUppLeMentinG witH FiLtRAtion

The fuel filters on machines are designed to provide final filtration for moderately clean supply fuel. Machine 
filtration is not intended to clean fuel contaminated with large amounts of dirt and water. If contaminated fuel 
is used, the capability of the onboard filtration is overwhelmed and injectors either wear out prematurely or 
seize.

One way to reduce the burden on machine fuel filters is to install a bulk fuel filtration system. Bulk fuel 
filtration consists of high capacity filters that remove both excess dirt and water from the supply fuel before it is 
put into the machine.

Caterpillar has engineered a packaged system to remove both dirt and water. The Cat® Bulk Fuel Filtration 
System is intended for use in any application where users store fuel for machines or engines. It requires very 
little maintenance and contains safeguards to prevent contaminated fuel from passing through the unit.

“ Bulk fuel filtration has been used in the aviation industry for more than 50 years to address these same 
problems. Now, Caterpillar has adopted this proven technology to help our mining customers.” –David Barker, 
Product Support Consultant

How it woRkS

The self-contained unit is mounted on a skid, and is placed between the fuel storage tank and fueling station.

The 4-micron, beta 200, full synthetic particulate filter elements remove dirt in a single pass and effectively 
hold large volumes of debris. Filter change intervals are about once a month, depending on the level of 
contamination. Filter elements may be quickly and easily replaced without the need for hand tools.

The coalescer unit contains multiple elements capable of removing up to 3 percent water by volume to 1,000 
ppm (0.1 percent) or less at the rated flow. Water removed by these elements falls to the bottom of the coalescer 
unit and is automatically drained to an external water storage vessel. A float mechanism in the bottom of the 
unit monitors the water level. The coalescing elements do not plug and usually require changing only once a 
year.

An automatic flow control valve slows down or stops fuel outlet flow if particulate filters plug or there are 
massive amounts of water in the fuel. This ensures only clean fuel leaves the unit.

The maximum fuel flow rate of the user’s fuel supply system determines the size of the coalescer filtration 
system. Four different units are available. The smaller units are sized at 190-liters-per-minute (lpm) (50 gallons-
per-minute) (gpm) and 379 lpm (100 gpm) units. They are intended for day tank applications or for portable 
use on a fuel truck where fueling is done manually. The 757 lpm (200 gpm) unit is intended for fuel stations 
using fast-fill, where maximum flow does not exceed 757 lpm (200 gpm). This unit will handle truck sizes 
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up to the 218-tonne (240-short-ton) Cat 793. The largest unit, 1136 lpm (300 gpm), is intended for fast-fill of 
327-tonne (360-short-ton) Cat 797 size trucks.

Permanent installation is simple, says Barker. “All you need is a small concrete pad downstream of the fuel 
storage tank and supply pump. And a water container is required nearby to store the wastewater removed from 
the fuel.” The system doesn’t require electric power unless it’s used in extremely cold climates. An optional 
electric fuel heater is available for cold climates where water removed from the fuel may freeze.

SeeinG ReSULtS

“You might wonder why, if mine sites could see the value of fuel cleanliness, they aren’t all using filtration 
systems,” says Barker. “Truth is, they are now beginning to understand how important it is—and what a 
difference it makes in the life of their components and their equipment.”

For example, Zangezur mine in Armenia had faced ongoing problems with injectors and engines in all types of 
equipment on site. The installation of a Cat Bulk Fuel Filtration system has had a dramatic impact at the mine, 
which is operated by Zangezur Copper and Molybdenum Mining Company and owned by German company 
Cronimet.

Zangezur mine, established in 1952, is the largest mining enterprise in Armenia and is the site of one of the 
biggest deposits of molybdenum in the world. In 2009, the site produced an estimated 41000 tonnes (45,000 
short tons) of copper and about 8200 tonnes (9,000 short tons) of molybdenum concentrate. The site operates 
about 30 machines, including Cat 785 trucks, 992 and 993 wheel loaders, several track-type tractors and an 
excavator.

Injector problems have a negative impact on any mine site, but that impact is even more significant in a remote 
location like Zangezur. The mine operates at an altitude of 2200 meters (7,217 feet) and is surrounded by 
mountains.

GATE VALVE
Shuts off flow 
during service or 
removal of unit.

INLET SAMPLING VALVE
Provides access for 
unfiltered fuel samples.

OUTLET SAMPLING VALVE
Provides access for

 filtered fuel samples.

WATER METER
Continuously measures and 

records volume of water removed.

SLUG CONTROL VALVE
Slows down or shuts off fuel flow if 

the amount of water in the fuel 
exceeds the flow capacity of the 

water drain valve or if particulate or 
coalescer filters start to plug.

4-MICRON PARTICULATE FILTER
Removes abrasive particles.

COALESCING FILTER ELEMENTS
Fibers attract water into large 
droplets that fall to the bottom. 
(view is simplified for illustration.)

COALESCER UNIT

SEPARATOR CANISTER
Repels smaller water droplets 

suspended in moving fuel flow and 
prevents them from escaping.

AUTOMATIC WATER DRAIN
Allows excess water to drain.
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DIRT AND 
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Port for 
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Gauges 
indicate filter 
restriction.
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“Replacing parts is a challenge in Armenia,” says Ivan Glushankov, a Caterpillar mining product support 
specialist based in Moscow. “Not only is it costly to replace parts, it’s also a challenge to get them. It can 
sometimes take 30 days to repair a machine—and when that machine is down, productivity is down.”

Caterpillar and Zeppelin Armenia representatives visited the site, evaluated the problem and recommended the 
site install the bulk fuel filtration system. The results were impressive.

“All the problems disappeared,” says Rubik Abramyan, head of the mine’s transportation department. “I have 
recommended to every mine site that they install this system. The impact it had on our site was immediate and 
significant. We have seen improvements in every machine we operate.”

Glushankov estimates that the improved performance and longer component life resulting from using clean 
fuel has allowed Zangezur to pay for the fuel filtration system in just a few months.

“They’re relatively inexpensive, especially when compared to the cost of a mining machine,” says Barker. “If 
you eliminate the need to replace a couple sets of injectors, you’ve paid for it.” 

Sites in the United States have seen similar results, says Barker. “These customers are no longer dealing with 
plugged fuel filters. We had one mine manager tell us that he had been replacing a fuel filter every day prior 
to installing the bulk fuel filtration system. In the 10-day period after that, he didn’t make one replacement. 
Customers are also reporting that they’re not forced to replace injectors at the half-life of the engine. And as 
always, less downtime translates to higher productivity.”

Barker predicts bulk fuel filtration will become a more common process on sites throughout the world. “We 
have one customer that is so impressed with the benefits of clean fuel that they’re filtering the fuel when it goes 
into the storage tank, and again when it comes out,” he says.


